CLAIMS 



10 



1. A method for filling recessed micro-structures at a surfaced a 

semiconductor workpiece with copper metallization ^mnprising the steps 
of: 

depositing a copper layer into the micro-structures vfith a process generating 
copper grains that are sufficiently small /o as to substantially fill the 
recessed microstructures; 

subjecting the deposited copper to an annealing process at a temperature below 
about 100 degrees Celsius. 



2. A method as cl^ime^in claim 1 wherein the copper is deposited using an 
electroplating fcraj&ss. 



15 3. A method /s claimed in claim 1 wherein an electroplating waveform is 
used, at/least in part, to ensure sufficiently small copper grain size. 



4. 

20 



A method as claimed in claim 1 wherein an electroplating solution 
Additive is used, at least in part, to ensure sufficiently small copper grain 
size. 




A method as claimed in claim 1 wherein the annealing process is carried 
out at ambient room temperature. 

A method as claimed in claim 1 wherein the annealing process 
comprises subjecting the workpiece to a controlled temperature gradient 
in which the temperature decreases along ^cross-section of the 
workpiece in a direction that is opposue to the direction of formation of 
the copper during its deposition. 



7. A method for fiUuig refcesse^jmcro-structures at a surface of a 

semicooauctor UwKpi^^with metallization comprising the steps of: 
depositing a/metal laWr in£0 the micro-structures with a process generating 

co^erygrai^s that are sufficiently small so as to substantially fill the 

recessed^ nicrostructures ; 
subjecting tbfe deposited metal to an annealing process at a temperature below 

about 100 degrees Celsius. 



8. 



A method as claimed in claim 7 wherein the metal is deposited using an 
electroplating process. 



9. A method as claimed in claim 7 wherein an electroplating waveform is 
used, at least in part, to ensure sufficiently small metal grab* size. 

10. A method as claimed in claim 7 wherein an electroplating solution 
additive is used, at least in part, to ensure sufficiently small metal grain 
size. 

11. A method as claimed in claim 7 wher^i the annealing process is carried 
out at ambient room temperature. 



12. A method as claimed in claiip 7 wherein the annealing process 

comprises subjecting the^orkpiece toycontrolled temperature gradient 
in which the ten&peratM decrea^ef along a cross-section of the 
workpiece in a ilirecMon that is opposite to the direction of formation of 
the copper during/itif deposition. 



13. A method fo/ filling recessed micro-structures at a surface of a 

semiconductor workpiece with copper metallization comprising the steps 
of: 

providing a/semiconductor workpiece with a feature that is to be connected 
copper metallization; 
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applying at least one dielectric layer over a surface of the semiconductor 

workpiece including the feature; 
providing recessed micro-structures in the at least one dietefctric layer; 
preparing a surface of the workpiece including the recessed micro-structures 

with a seed layer for subsequent electrochemical copper deposition; 
electrochemically depositing a copper layer to the surface of the workpiece to 

substantially fill the recessed micro-structures; 
allowing the electrochemically deposited copper layer to self-anneal for a 

predetermined period of time at 2unbient room temperature; 
removing copper metallization fronyUie surface of the workpiece except from 

the recessed mica^tructurefs, said removing step occurring after the 

predetermined/period of'time hfts elapsed. 



14, A method las claimed in claim 13 wherein the predetermined period is 
15 greater thaA about 20 hours. 



15. A method as claimed in claim 13 wherein the step of preparing a 

surface' of the workpiece comprises: 
applying at/least one barrier layer over the dielectric layer; and 
20 applying I seed layer over the barrier layer. 



16. A method as claimed in claim 15 wherein the step of apply injg'the seed 
layer is defined by applying the seed layer using a chenudil vapor 
deposition process . / 

17. A method as claimed in claim 15 wherein fhe step of applying the seed 
layer is defined by applying the seed layer using a physical vapor 
deposition process. / 

18. A method as claimedin^cl^n 13 wherein the step of preparing a surface 
of the workpieoe comprises: 

applying at least on/ adhesiM lay-over the dielectric layer; and 
applying a seed layir ova/the adhesion layer. 

19. A methbd as claimed in claim 13 wherein the step of removing the 
copper metallization is defined by removing the copper metallization 
using a chemical mechanical polish technique. 



20. A method for filling recessed micro-structures at a surface oU 

semiconductor workpiece with copper metallization comprising the steps 
of: 

providing a semiconductor workpiece with a feature that^is to be connected 
5 with copper metallization; 

applying at least one dielectric layer over a surfac^ of the semiconductor 

workpiece including the feature; 
providing recessed micro-structures in the it least one dielectric layer; 
preparing a surface of the workpiece including the recessed micro-structures 
10 with a seed layer for subsequent electrochemical copper deposition; 

electrochemically depositing a confer layer to the surface of the workpiece to 

substantially fill the recessed micro^sfructures; 
removing copper metallization from^e surface of the workpiece except from 
the recessed micro-smrCtures; 
15 allowing the electricheijiipally deposited copper layer to self-anneal at ambient 
room temperature ^vithout subjecting the workpiece to a separate and 
distinct ele\Wed /emperature annealing process. 
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21. A method as claimed in claim 20 wherein the step of preparing a surface 

of the workpiece comprises: 
applying at Aeast one adhesion layer over the dielectric layer; and 



applying a seed layer over the adhesion layer/ 

22. A method as claimed in claim 2<Ywherein the step of preparing a surface 
of the workpiece comprises: / 

applying at least one barrier layer/over the dielectric layer; and 
applying a seed layer over the barrier layer. 

23. A method as claimed in claim 22 wherein the step of applying the seed 
layer is defined b>(ap^Jyi^g the seed layer using a chemical vapor 
deposition process. 

24. A methodyLdaimed in claim 22 wherein the step of applying the seed 
layer is defined by applying the seed layer using a physical vapor 
deposition process. 

25. A/method as claimed in claim 20 wherein the step of removing the 
yfeopper metallization is defined by removing the copper metallization 

/ using a chemical mechanical polish technique. 



\ 
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26. A method for filling recessed micro-structures at a surface oL6 

semiconductor workpiece with copper metallization comprising the steps 

of: / 
providing a semiconductor workpiece with a feature th^t is to be connected 

with copper metallization; / 
applying at least one dielectric layer over a surface of the semiconductor 

workpiece including the feature; / 
providing recessed micro-structures in the at least one dielectric layer; 
preparing a surface of the workpiece/including the recessed micro-structures, 

with a seed layer for subsequent electrocjietfucal copper deposition; 
electrochemically depositing a/copper^latfer to the surface of the workpiece to 

substantially fill the recessed micro-structures; 
subjecting the electi ochemically deposited copper layer to an annealing process 

at a temperature b^low about 100 degrees Celsius. 

27. A methods claimed in claim 26 wherein the step of preparing a surface 

of the workpiece comprises: 
applying at/least one adnesion layer over the dielectric layer; and 
applying a seed layer over the adhesion layer. 
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28. A method as claimed in claim 26 wherein the step of preparing a surface 
of the workpiece comprises: 

applying at least one barrier layer over the dielectric layer; and 
applying a seed layer over the barrier layer. 

5 

29. A method as claimed in claim 28 wherein the stfep of applying the seed 
layer is defined by applying the seed layer Using a chemical vapor 
deposition process. 

10 30. A method as claimed in clafim ^8 ^herein the step of applying the seed 
layer is defined by applying tjte seed using a physical vapor 
deposition process. 

31. A method as claime/in claim 26 wherein the step of removing the 
15 copper metallization is defined by removing the copper metallization 

using a chemical mechanical polish technique. 
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32. 



A method as claimed in claim 26 wherein the annealing process 
comprises subjecting the workpiece to a controlled temperature gradient 
in which the temperature decreases along a cross-section of the 



workpiece in a direction that is opposite to the direction of formatioiy6f 
the copper during its deposition. 



33. A method for filling recessed micro-structures at a surface of a 
5 semiconductor workpiece with copper metallizatior^comprising the steps 

of: 

providing a semiconductor workpiece with a featu/e that is to be connected 

with copper metallization; 
applying at least one low-K dielectric layer cfver a surface of the semiconductor 
10 workpiece including the feature; 

providing recessed micro-structures in the at least one low-K dielectric layer; 
preparing a surface of the workpiecfe, including the recessed micro-structures, 

with a seed layer for subsequent electrochemical copper deposition; 
electrochemically depositing^ copper layer/to the surface of the workpiece to 
15 substantially filj/the/ecessed nycro-structures; 

subjecting the electrc^bh^fnipally d^osited copper layer to an annealing process 
at a temperatuiy b^loV^hich the low-K dielectric layer substantially 
degrades 
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34. 



A method as claimed in claim 33 wherein the annealing process 
compri/es subjecting the workpiece to a controlled temperature gradient 



in which the temperature decreases along a cross-section of/the 
workpiece in a direction that is opposite to the directiopr of formation of 
the copper during its deposition . 



A method as claimed in claim 33 wherein the annealing step takes place 
at a temperature corresponding to a bpring temperature of the low-K 
dielectric. 

A method for reducing voids /in a metal material that has been 
electrolytically deposited into recessed micro-structures of a 
microelectronic w/frkjJiec^f comprising the'step of subjecting the 
workpiece to an/annealihg process i temperature that is at or below 
about 250 degrf 



A method as set/form in claim 36 wherein the metal material comprises 



copper. 



A method/as set forth in claim 36 wherein the annealing process 
comprises subjecting the workpiece to a controlled temperature gradient 
in whion the temperature decreases along a cross-section of the 
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workpiece in a direction that is opposite to the direction of formation 
of the metal material during its deposition 

39. A method as set forth in claim 37 wherein the annealing process 

comprises subjecting the workpiece to a controlled/temperature gradient 
in which the temperature decreases along a cross-section of the 
workpiece in a direction that is opposite to j/kt direction of the 
formation of the deposited metal materia 



10 40. A method for reducing voids in aonetal material that has been 
electrolytically deposited into recessed micro-structures of a 
microelectronic workpiece; comprising the step of subjecting the 
workpiece to an / #mealing process yd which the workpiece is subject to 
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a controlled temperature gradiejrf in which the temperature decreases 
along a cros^-sectiop / of th^workpiece in a direction that is opposite to 
the direction! of th& formation of the deposited metal material. 



41. An apparatus for use in applying metallization in recessed micro- 
structure/ of a microelectronic workpiece comprising: 
20 at least one deposition station for depositing a conductive material into at least 
the recessed micro-structures of the microelectronic workpiece; 



at least one annealing station for subjecting the microelectronic workpiec^to 
an annealing temperature that is at or below about 250 degrees/Jelsius. 

42. An apparatus as set forth in claim 41 wherein the at teast one deposition 
station electrolytically deposits the conductive material and wherein the 
conductive material comprises copper. 
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43. An apparatus as set forth in claim 41 jmd further comprising a robotic 
workpiece handling system for transferring microelectronic workpieces 
to and from the at least one deposition station and to or from the least 
one annealing station. 



44. An apparai 
system co: 
15 a first robot arm 
from the 
a second robot arl 



as set f/rth in clajfrf42 wherein the workpiece handling 
srises: 

tiisposky to transfer the microelectronic workpieces to and 
>ne deposition station; 
'disposed to transfer the microelectronic workpieces to and 



from the/at least one annealing station. 
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An Apparatus as set forth in claim 41 wherein the at least one annealing 
station operates to subject the workpiece to a controlled temperature 



gradient in which the temperature decreases along a cross-section of 
workpiece in a direction that is opposite to the direction in whicK the 
metal material is formed at the at least one deposition station/ 



46. An apparatus as set forth in claim 42 wherein the a^least one annealing 

station operates to subject the workpiece to a controlled temperature 

gradient in which the temperature decreases/along a cross-section of the 

workpiece in a direction that is opposit/to the direction in which the 
* / 

metal material is formed at the at least one deposition station. 



47. An apparatus as set forth in/laim 41 wherein the at least one annealing 



of the workpiece to heat the first side 



station comprises; 
t heated generator prpimaj 
of the worl 

a fluid flow system W^cting a flow of cooling fluid at a second side of the 
workpiece,>6pposite the first side, to thereby generate a temperature 
gradient/between the first and second sides of the workpiece. 



48. Mn apparatus as set forth in claim 47 wherein the fluid flow system 
'directs a cooling gas across the second surface of the workpiece. 



49. An apparatus as set forth in claim 47 wherein the fluid flow syster 
comprises: 

a cooling member proximate a second side of the microelectroni^Aorkpiece 

for cooling the second side of the workpiece ; and 
at least one channel associated with the cooling membei/for directing a flow 

of cooling gas therethrough to cool the cooling member. 

50. An apparatus as set forth in claim 47/wherein the heat generator 
comprises a hot plate contacting ^Jfie first side of the microelectronic 
workpiece. 

51. An apparatus as set/fofth in claim 47/^herein the heat generator 
comprises an ultrayioletv radiatiem source disposed to direct ultraviolet 
radiation toward me/first side of the microelectronic workpiece. 



An apparatus as set forth in claim 47 wherein the heat generator 
comprises radiative heat source disposed at the first side of the 
microelectronic workpiece. 




53. An apparatus as set forth in claim 47 wherein the heat general 

comprises a laser source disposed to selectively direct laser radiation at 
selective portions of the first side of the microelectronic workpiece. 

5 54. An apparatus as set forth in claim 41 and further comprising a 

programmable control system connected to/ontrol the magnitude of the 
temperature gradient. 

55. An apparatus for use fabricating metallization in recessed micro- 
10 structures of a microelectronic workpiece comprising: 

at least one deposition station f<p depositing a conductive material into at least 

the recessed mic/b-st^rictures of theprfcroelectronic workpiece; 
at least one annealiijfc sta/ion for suj>jecting the microelectronic workpiece to 
an annealing pp6ce$ in^hich the workpiece is subject to a controlled 
15 temperature/Erament. 
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56. An apparatus as claimed in claim 55 in which the temperature gradient 
is such that the temperature decreases along a cross-section of the 
wdrkpiece in a direction that is opposite to the direction of the 
formation of the deposited metal material. 



57. An apparatus as set forth in claim 55 wherein the at least one deposition 
station electrolytically deposits the conductive material and when^n the 
conductive material comprises copper. 

5 58. An apparatus as set forth in claim 55 and further conrfprising a robotic 
workpiece handling system for transferring microelectronic workpieces 
to and from the at least one deposition station/and to or from the least 
one annealing station. 

10 59. An apparatus as set forth in clainjo8 wherein the workpiece handling 
system comprises: 

a first robot arm disposed to tranter the microelectronic workpieces to and 

from the at least one deposition station* 
a second robot arm disppSejif to transfer toe microelectronic workpieces to and 
15 from the at least pne annealijag station. 



60. An appsfraWas set forth in claim 55 wherein the at least one annealing 
statioii comprises: 

20 a heated generator proximate a first side of the workpiece to heat the first side 
ol the workpiece; and 
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a fluid flow system directing a flow of cooling fluid at a second side of they 
workpiece, opposite the first side, to thereby generate a temperature 
•gradient between the first and second sides of the workpiec 

5 61. An apparatus as set forth in claim 55 wherein the fluid flow system 
directs a cooling gas across the second surface or the workpiece. 

62. An apparatus as set forth in claim 55 wh^/ein the fluid flow system 
comprises: 

10 a cooling member proximate a second side>6f the microelectronic workpiece 
for cooling the second side of th^workpiece ; and 
at least one channel associated with/the cooling member for directing a flow 
of cooling gas therethrough to cooLtne cooling member. 



15 63. An apparatus/as sef fbjrtiybi claim 55 wherein the heat generator 

comprises a/hoyp)£te contacting the first side of the microelectronic 
workpiece J 
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64. 



An apparatus as set forth in claim 55 wherein the heat generator 
co™)rises an ultraviolet radiation source disposed to direct ultraviolet 
radiation toward the first side of the microelectronic workpiece. 



An apparatus as set forth in claim 55 wherein the heat generator 
comprises radiative heat source disposed at the fu^t side of the 
microelectronic workpiece. / 

An apparatus as set forth in claim 55/wherein the heat generator 
comprises a laser source disposed to selectively direct laser radiation at 
selective portions of Ae-^r^t side of thejnh5roelectronic workpiece. 

An apparatus as sfepforth in claim 55 and further comprising a 
programmable/control system connected to control the magnitude of the 
temperature gradient. 




